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Lithium-ion batteries (LIBs) are widely used in portable electronic devices due to their 
high energy-density and excellent cycle life. Furthermore, LIBs are also regarded as the 
most competitive power source for large-scale battery applications, such as in electric 
vehicle (EV) and energy storage systems (ESSs), provided that their safety and cost can be 
substantially improved. In LIBs, a separator plays the crucial role of preventing contact of 
the cathode and anode electrodes, while at the same time permitting ion transport inside the 
cell. Currently, the separators used in LIBs are mainly based on microporous polyolefin 
membranes, which exhibit high thermal shrinkage at elevated temperatures, leading to a 
safety hazard. 
To overcome the problems, functional separators with rational stereocomplex structure 
are designed and prepared by composite modification. Combine the function of ceramic-
coating and heat resistant polymer via synergistic effect, the composite modified separators 
display excellent thermal stability. Specifically, the dissertation mainly includes the 
following contents: 
(1) By a simple dip-coating process, polydopamine (PDA) formed an overall-covered 
self-supporting film, both on the ceramic layer and on the pristine polyolefin separator, 
which made the ceramic layer and polyolefin separator appear as a single aspect and 
furthermore, this layer amended the film-forming properties of the separator. Combining 
the function of the ceramic and PDA, the developed PDA-ceramic composite modified 
separator displays substantially enhanced thermal and mechanical stability, with no visual 
thermal shrink and can maintain its mechanical strength up to 230 ℃ when the polyethylene 
separator acts as the pristine separator. 
(2) Inspired by the polymerization mechanism of the dopamine and the structure of the 
PDA, take the low cost of binary composite monomer - catechol (CA) and polyethylene 
imine (PEI), instead of expensive dopamine, to copolymerize to modify the ceramic-coated















the composite monomer copolymer has similar properties to polydopamine and can also 
form a stereocomplex structure via the in-situ autoxidation polymerization and can achieve 
a performance comparable to that of dopamine. The composite monomer copolymer (CP)-
ceramic composite modified separator not only have not any shrinkage at a temperature up 
to 200 ℃, but also display an excellent shutdown feature. The industrial-class safety test 
show that the battery with the CP-ceramic composite modified separator has excellent safety 
performance. 
 
































题[1, 2]。英国石油公司在 2015 年发布的《BP 2035 世界能源展望》中指出，到 2035
年，世界能源需求将增长 37%。现阶段，以石油、天然气和煤炭为代表的化石燃料作
为主要能源满足着大多数能源需求[3]。然而，作为不可再生的化石燃料，地球上的储
量是有限的。据 2016 年英国石油公司发布的《BP 世界能源统计年鉴》报告，依照
2015 年的储采比估算，世界可采石油储量还可以使用 50 年左右；可采天然气储量还





解决的难题[8, 9]。进入 21 世纪，以太阳能和风能为代表的可再生的新能源得到了长







































































纪 40 年代和 50 年代被成功开发，80 年代则实现了镍氢电池的商品化[28, 29]。 
进入 20 世纪 60 年代，石油危机的发生迫使人们开始寻找新的替代能源。与此
同时，随着集成电路技术的发展，各种电子产品和医疗器械得到迅速普及，这对化学
电源提出了新的要求，发展新型的电池成为必需。由于在所有金属中锂最轻（相对原
子质量 6.941，密度 0.53 g·cm-3，20 ℃），并且具有最低的标准电极电位（-3.045 V vs. 
SHE），是能量密度最大的金属（理论容量 3860 Ah·Kg-1），因此锂顺理成章的成为高
比能量电池负极材料的选择[30]。 
在 20 世纪 70 年代初，锂原电池就被成功开发并实现了商品化的应用。在锂原
电池的推动下，对可充电的锂二次电池的研究也几乎在同一时间进入了研究人员的



























随后，Goodenough 等在 1980 年提出采用氧化钴锂（LiCoO2）作为锂二次电池的正
极材料[37]，揭开了锂离子电池的雏形。1983 年日本科学家利用聚合物电解质首次解












间化合物 LixC6，电解质为溶解了锂盐（如 LiPF6、LiBOB、LiClO4 等）的有机溶剂
（常见溶剂有碳酸乙烯酯（EC）、碳酸二乙酯（DEC）、碳酸二甲酯（DMC）等）。 
下面以石墨为负极，LiCoO2 为正极为例，说明锂离子电池的工作原理。充放电
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